Abstract The purpose of this study was to determine the effects of contamination with smoker's and non-smoker's saliva on the bond strength of resin composite to superfi cial dentin using different adhesive systems. The interfacial structure between the resin and dentin was evaluated for each treatment using environmental scanning electron microscopy (ESEM). Freshly extracted human molars were ground with 600-grit SiC paper to expose the superfi cial dentin. Adhesives [One-Up-Bond-F-Plus (OUFP) and Adper-Prompt-L-Pop (APLP)] and resin composite (TPHSpectrum) were bonded to the dentin (n = 8/group, 180 total specimens) under fi ve surface conditions: control (adhesive applied following manufacturers' instructions); saliva, then 5-s air dry, then adhesive; adhesive, saliva, 5-s air dry; adhesive, saliva, 5-s water rinse, 5-s air dry (ASW group); and adhesive, saliva, 5-s water rinse, 5-s air dry, reapply adhesive (ASWA group). After storage in water at 37°C for 24 h, the specimens were debonded under tension at a speed of 0.5 mm/min. ESEM photomicrographs of the dentin/adhesive interfaces were taken. Mean bond strength ranged from 8.1 to 24.1 MPa. Fisher's protected least signifi cant difference (P = 0.05) intervals for critical adhesive, saliva, and surface condition differences were 1.3, 1.3, and 2.1 MPa, respectively. There were no signifi cant differences in bond strength to dentin between contamination by smoker's and nonsmoker's saliva, but bond strengths were signifi cantly different between adhesive systems, with OUFP twice as strong as APLP under almost all conditions. After adhesive application and contamination with either smoker's or nonsmoker's saliva followed by washing and reapplication of the adhesive (ASWA group), the bond strength of both adhesive systems was the same as that of the control group.
Introduction
Several kinds of contamination can affect the structural and chemical properties of dental restorative materials. Oral fl uids such as saliva, blood, and crevicular fl uid can cause chemical incompatibility with dental materials. 1 Saliva is composed of 99.4% water and 0.6% solids, including macromolecules such as proteins (26% mucins), glycoproteins, sugar, and amylase; inorganic particles such as calcium, sodium, and chloride; and organic particles such as urea, amino acids, fatty acids, and free glucose. 2, 3 Saliva is an essential fl uid in the mouth that serves as a barrier against desiccation and environmental injury. Furthermore, the different components of saliva interact to modulate pH and provide buffering, cleanse the oral tissues in general, prevent demineralization of the teeth, and serve as an antibacterial agent. 4, 5 Several studies have reported the effects of different contaminants found or used commonly in the oral cavity on the bond strength of dentin and enamel. For example, the effects of water, saliva, astringents, plasma, handpiece lubricant, zinc oxide-eugenol cement, and non-eugenol-zinc oxide cement on bond strength have been studied.
Several studies have also reported that saliva contamination of enamel and dentin did not affect the bond strength of single-bottle (total-etch) adhesive systems. 12 However, studies have shown decreases in bond strength with contaminants such as astringents, blood, and saliva with different self-etching adhesive systems and have suggested ways to correct and improve the bond strength in cases of contamination. [7] [8] [9] Some self-etching adhesive systems seem to be more compatible with the oral environment for reasons such as low moisture sensitivity and resistance to saliva contamination. [12] [13] [14] [15] This low sensitivity may be caused by the use of a waterbased solvent in the primer. In the oral cavity, it is diffi cult to obtain dry conditions because as soon as the patient breathes there is moisture in the environment. It is important to study contamination factors such as saliva because some studies have reported that the proteins present in saliva are the main factors responsible for the improper formation of the dentin-adhesive interface. 3, 15 One billion men and a quarter of a billion of women worldwide consume some kind of tobacco. 16 A cigarette contains at least 5000 chemicals that produce many changes in the oral environment, such as teeth pigmentation and infl ammatory and degenerative illnesses. Furthermore, smoking causes cancer and is the main cause of death worldwide. [17] [18] [19] Tobacco may also affect the chemical interaction between oral biomaterials and the teeth. Thus, smoker's saliva may affect restorative procedures and properties of restorations such as bond strength and interfacial microstructure. In this study, we worked with smoker's saliva but we did not specifi cally work with smoker's teeth because we wanted to focus specifi cally on the effects of saliva. Future studies should be done with teeth of documented smokers, because we think that frequent use of tobacco probably affects the oral tissues and teeth substrates as well.
The purpose of this study was to measure the bond strength of resin composite to saliva-contaminated dentin and to analyze the interfacial microstructure between smoker's and nonsmoker's saliva by using environmental scanning electron microscopy (ESEM). Contaminated teeth were bonded with one of two self-etching adhesive systems and we also evaluated two methods of correcting the saliva contamination. The null hypothesis was that there were no differences in the bond strength or the microstructure of the dentin adhesive interface between contamination with smoker's and that with nonsmoker's saliva.
Material and methods
Names, manufacturers, compositions, and lot numbers of the products used in this study are shown in Table 1 . Eighty human molars with no restorations or decay were used in this study. Saliva was collected from three smoker and three nonsmoker participants. These saliva samples were applied to the specimens the same day that they were collected, about 30 min after collection. The teeth, which had been extracted within 3 months of the initiation of this study, were stored in 0.25% sodium azide/saline solution at 4°C prior to specimen preparation. The teeth were sectioned mesio-distally with a slow-speed diamond saw (Isomet, Buehler, Lake Forest, IL, USA), and embedded in acrylic potting resin to make a total of 160 buccal or lingual specimens. The specimens were ground to expose the superfi cial dentin using 600-grit SiC paper (Buehler). The specimens were then randomly divided into four groups with different contamination conditions and a control group (n = 8) for each bonding system.
The treatment groups were contaminated with either smoker's or non-smoker's saliva, and the adhesives were applied according to manufacturers' instructions. The bonding protocols used in the four treatment groups and the control group were as follows:
1. Control group: adhesive was applied to dentin following the manufacturers' instructions 2. SA group: 10 μl of saliva was dispensed and rubbed on the dentin surface with an applicator for 10 s, followed by air drying for 5 s with a hard stream from a distance of 5 mm, followed by adhesive 3. AS group: adhesive was applied, and then 10 μl of saliva was dispensed and rubbed on the dentin surface with an applica- MMA, methyl methacrylate; MAC-10, 11-methacryloxy-1,1-un-decanedicarboxylic acid; HEMA, 2-hydeoxyethyl methacrylate; bis-EMA, bisphenol-A-dimethacrylate; bis-GMA, bisphenol A glycidyl methacrylate tor for 10 s, followed by air drying for 5 s with a hard stream from a distance of 5 mm 4. ASW group: adhesive was applied, and then 10 μl of saliva was dispensed and rubbed on the dentin surface with an applicator for 10 s. This was followed by a 5 s water rinse and a 5 s air dry with a hard stream from a distance of 5 mm 5. ASWA group: adhesive was applied, and then 10 μl of saliva was dispensed and rubbed on the dentin surface with an applicator for 10 s, followed by a 5 s water rinse with a hard stream from a distance of 5 mm and a 5 s air dry. Then adhesive was reapplied
Bonding agents and resin composite [One-Up Bond F Plus (OUFP), Tokuyama Dental Corporation, Tsukuba, Japan; Adper Prompt L-Pop (APLP), 3M ESPE, St. Paul, MN, USA], and resin composite [TPH Spectrum (TPH), Denstply/Caulk, Milford, DE, USA] were bonded to the dentin surface by using a polytetrafl uoroethylene jig in the shape of an inverted truncated cone with a diameter of 3 mm at the bonded surface and 5 mm at the top. 20 The composite was dispensed in 2-mm increments and cured as recommended by the manufacturers (20 s per layer). Photopolymerization was accomplished with an Elipar Highlight (Kerr Demetron, Danbury, CT, USA) curing light. The light output was verifi ed as greater than 450 mW cm
throughout the study with a curing radiometer (Kerr Demetron, Danbury, CT, USA).
The adhesion protocol followed for the APLP selfetching adhesive system was as follows:
• After preparation, lightly dry to remove excess water.
• Apply adhesive with a rubbing motion for 15 s.
• Gently but thoroughly air-dry to remove the aqueous solvent.
• Apply a second coat (no waiting time for the second layer).
• Light cure for 10 s.
The adhesion protocol followed for the OUFP self-etching adhesive system was:
• Rinse the prepared cavity. If no cavity preparation has been made, clean the tooth surface with a rubber cup and a fl uoride-free cleaning paste; rinse thoroughly with water.
• Remove water by blowing air to keep the cavity in a dry, or in a moist condition but without visible puddles or a shiny appearance.
• Using the provided dispenser, place one drop of bonding agent A and one drop of bonding agent B into the mixing well.
• Mix thoroughly and evenly until the mixed bonding agent turns completely and evenly pink.
• Apply the mixed bonding agent to the cavity, both the enamel and dentin, with the disposable applicator tip.
• After applying the mixed bonding agent, keep rubbing the mixed bonding agent on the surface for at least 10 s.
• OUFP does not require air blowing because it contains no volatile solvent such as ethanol or acetone.
• Light irradiate the mixed bonding agent for at least 10 s.
keeping the curing light tip within about 2 mm from the cavity surface.
After the specimens were bonded, they were stored in water in an incubator at 37°C for 24 h. The specimens were then debonded under tension using a universal testing machine (Model 4465, Instron, Canton, MA, USA) at a crosshead speed of 0.5 mm/min. Bond strength means were calculated and compared using three-way analysis of variance (ANOVA; StatView, SAS Institute, Cary, NC, USA). Fisher's protected least signifi cant difference (PLSD) post hoc test (StatView, SAS Institute) was used to determine signifi cant differences at the 0.05 level. Failure modes were observed under 10 × magnifi cation and recorded.
For the SEM analysis, 20 additional extracted human molars with the same characteristics as those used for the bonding were ground with 600-grit SiC paper (Buehler) on the occlusal surface to expose the dentin.
These specimens were randomly divided into ten groups of two specimens per group and then treated and bonded as described above. The specimens were sectioned perpendicular to the adhesive interface with a slow-speed diamond saw (Isomet, Buehler) to produce two slices, each 2-3 mm thick. One slice was acid-etched with 5 N HCl for 30 s, followed by 5% NaOCl for 30 min, and then rinsed thoroughly with distillated water. The other slice was fractured perpendicularly to the interface. Each slice was then dehydrated with 33% ethanol for 30 min, 67% ethanol for 30 min, 85% ethanol for 30 min, and 100% ethanol for 1 h.
The specimens were left overnight to dry and then mounted on 12-mm aluminum stubs and sputter-coated with approximately 20 nm of gold-palladium alloy. The specimens were viewed at three levels of magnifi cation (1000×, 2500×, and 5000×) and tilt angles in a Field Emission Philips XL30 SEM at high vacuum and 10 kV. Analyses of the dentin-adhesive interface characteristics were based on at least 20 images taken along the length of the interface.
Results

Bond strength
Means (SD) of bond strength (MPa) are shown in Table 2 . Results of the three-way ANOVA of the data are shown in Table 3 . Fisher's PLSD intervals (P < 0.05) for critical adhesive, saliva, and surface condition differences were 1.3, 1.3, and 2.1 MPa, respectively. Failure sites were mainly adhesive.
When contaminated with nonsmoker's saliva, specimens in the SA and ASW groups bonded with OUFP showed signifi cant decreases in bond strength compared with the control group, and those in the AS group showed nonsignifi cant differences. When contaminated with smoker saliva, specimens in the ASWA group bonded with OUFP showed a signifi cant increase in bond strength compared with the control group, and the other groups showed nonsignifi cant differences.
When contaminated with nonsmoker saliva, specimens in the AS and ASW groups bonded with APLP showed signifi cant decreases in bond strength, and those in the ASWA group showed signifi cantly increased bond strength, compared with the control, whereas those in the SA group showed no signifi cant difference. When contaminated with smoker saliva, specimens in the ASWA group bonded with APLP showed a signifi cant increase in bond strength compared with the control. The SA, AS, and ASW groups showed no signifi cant differences. Bond strength of OUFP was greater than that of APLP under all conditions. The fractured specimens evaluated by SEM for in the OUFP control group (Fig. 1) showed some resin tags, no visible hybrid layer, and an adhesive layer about 13 μm thick. The APLP control group (Fig. 2) showed some resin tags with a hybrid layer about 5 μm thick.
The OUFP nonsmoker's saliva ASWA group (Fig. 3 ) showed short resin tags in poor contact with the subjacent dentin substrate. There was no visible hybrid layer, and the adhesive layer was 50 μm thick.
The APLP nonsmoker's saliva ASWA group (Fig. 4 ) showed numerous long, fractured resin tags, a visible hybrid A (85%) C-CR (15%)
Smoker's Fisher's protected least signifi cant differences (P = 0.05) intervals for critical adhesive, saliva, and surface condition differences were 1.3, 1.3, and 2.1 MPa, respectively SA, saliva/air dry/adhesive; AS, adhesive/saliva/air dry; ASW, adhesive/saliva/water rinse/air dry; ASWA, adhesive/saliva/water rinse/air dry/adhesive; A, adhesive failure; C-CR, cohesive resin in composite resin layer about 5 μm thick, and an adhesive layer about 14 μm thick. The OUFP smoker's saliva ASWA group (Fig. 5) showed some short resin tags with no infi ltration into the dentin substrate and no hybrid layer and an adhesive layer 94 μm thick. The APLP smoker's saliva ASWA group (Fig.  6) showed long resin tags directed vertically and horizontally all over the interface, no hybrid layer, and a thick adhesive layer. We thus observed SEM differences among the groups reported and also between adhesive systems. The SEM micrographs of the different interfaces (OUFP) exhibited resin tags with morphological features consistent with low monomer/polymer conversion. 21 
Discussion
The oral cavity should be adequately irrigated with saliva for reasons such as immunological defense and antioxidant and enzymatic functions. Saliva also protects the mucosa and promotes healing. 22 A rubber dam is a useful tool for isolating the teeth during operative and endodontic treatments. First described in 1864, 23, 24 a rubber dam provides benefi ts during dental treatment; it was developed to isolate the teeth that will be restored from saliva, but not all dentists use it properly. Various researchers have discussed the potential detrimental effect of saliva on the bonding of some materials to the tooth surface for more than 40 years. We found no differences in bond strength or interfacial structure between contamination with smoker's and that with nonsmoker's saliva. In addition, neither APLP or OUFP showed a signifi cant decrease in bond strength under contaminated conditions. This result was somewhat surprising because saliva contamination has been reported to decrease the quality of the dentin-adhesive interface with some adhesive systems. 12, [25] [26] [27] [28] However, self-etching systems are reported to not be sensitive to moisture and thus resistant to contamination with saliva. [13] [14] [15] The self-etching adhesive systems used in this study might be less sensitive to moisture because they use a waterbased solvent. Furthermore, different salivas were applied to the specimens, but the specimens were not stored for a long period in the different salivas. Different results might be observed if smokers' teeth were used as well as smoker's saliva or if the teeth were stored for a long period of time before testing with nonsmoker's and smoker's saliva.
There were signifi cant differences between the adhesive systems in bond strength and in the dentin-adhesive interface microstructure. Several studies have suggested that 17 MPa is an acceptable bond strength when measuring the quality of bonding agents. 29, 30 We recorded acceptable bond strengths (17 MPa) for OUFP under different conditions and types of saliva. However, the SEM micrographs showed a very thin hybrid layer, and in some cases it was impossible to visualize any hybrid layer. Also, the resin tags were very thin and short. It is important to note that OUFP had a very compact interface structure strikingly different from that of APLP, and resulted in bond strengths that were twice as high. In fact, OUFP did not exhibit any hybrid layer under the SEM, whereas APLP exhibited a hybrid layer about 5 μm thick except under ASWA conditions. With APLP, bond strengths did not differ under the different conditions but they were well below values thought to be acceptable. 29 Under SEM analysis, the APLP specimens showed a dentin-adhesive structure with long resin tags and a thick hybrid layer. This microstructure may be due to the acidity of the monomer present in the primer of the adhesive system. Although this acidity provided an interface with numerous resin tags and a thick hybrid layer, the interface was relatively weak. The hybrid layer is created by the penetration and polymerization of adhesive monomers after removal of the smear layer and superfi cial demineralization of the dentin in total etch systems. 31 The main goal of a self-etching adhesive system is to infi ltrate the resin monomer into the smear layer as well as to demineralize and infi ltrate the dentin, simultaneously forming a hybrid layer. 32 Self-etching adhesive systems are water based and mixed with acidic monomers, such as carboxylic acid or hydroxyethyl methacrylate and phosphate ester, and a co-solvent that can be ethanol or acetone. 33 The hybrid layer is an important part of the bonding mechanism in total etch adhesive systems. 30, 31 Most selfetching adhesive systems yield a thin hybrid layer, 34 but the bond strength in some cases is higher than with total etch systems. 35 These and other reported results lead us to conclude that hybrid layer thickness is not necessarily correlated with bonding strength to dentin. [36] [37] [38] [39] [40] The results of this study indicate that high bond strengths were not related to the presence of a hybrid layer, since OUFP, a self-etching adhesive system, did not exhibit a hybrid layer. Furthermore, we expected that the pellicle created by the smoker's saliva would be different in protein composition or quantity than that created by nonsmoker's saliva. If this were true, then the surface chemistry of the substrate would potentially be different. If these conditions were met, then the surfaces to which the adhesives were bonded would present with differences. The bond strength measurements did not support these expected differences in the surface chemistry.
Furthermore, the SEM evaluation showed tag fractures in the dentin-adhesive interface structure that might have been caused by inhibition of polymerization by some components of the saliva such as O 2 or H 2 O. This fi nding is consistent with other reports in the literature that water has a detrimental effect on the monomer/polymer conversion of adhesives.
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Conclusion
Differences in bond strength between contamination with smoker's and nonsmoker's saliva were not observed. Contamination with saliva reduced the bond strength in some treatment groups, but after contamination with saliva followed by washing and reapplication of adhesive (ASWA treatment), the bond strengths were the same as in the control group with both adhesive systems. There was a nearly twofold difference in bond strength between the adhesive systems, but only the APLP specimens exhibited hybrid layers. OUFP specimens exhibited resin tags with morphological features consistent with low monomer/ polymer conversion.
